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This paper provides a farm sector comparison of levels of capital input for 17 OECD countries. The
estimates of capital input are derived by representing capital stock as a weighted sum of past invest-
ments. The weights correspond to the relative efficiencies of capital goods of different ages, so that the
weighted components of capital stock have the same efficiency. We convert estimates of capital stock
into estimates of capital services by means of capital rental prices. Comparisons of levels of capital
input among countries require data on relative prices of capital input. We obtain relative price levels
for capital input among countries via relative investment goods prices, taking into account the flow of
capital input per unit of capital stock in each country.

Cet article se propose de comparer le niveau du capital dans l’agriculture de 17 pays de l’OCDE. Les
estimations du niveau de capital sont déduites en calculant un stock de capital comme une somme
pondérée des investissements passés. Les poids utilisés correspondent à l’efficacité relative des biens
capitaux à différents âges, de telle sorte que les différentes composantes du stock du capital ait la même
efficacité. Le stock de capital est déduit une estimation des services de capital en utilisant un taux de
rentabilité. Cette comparaison des niveaux de capital entre pays nécessite des données sur les prix
relatifs du capital. Ces prix dépendent des prix relatifs des biens capitaux mais aussi des flux de service
générés dans chaque pays par une unité de capital.
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INTRODUCTION

Our objective in this paper is to provide a farm-sector comparison of levels of capital input
for 17 member countries of the Organisation for Economic Co-operation and Development
(OECD) for the period 1973–99.1 Measures of capital input are necessary for a description of
technology. In a subsequent paper, we integrate these estimates into production accounts for
agriculture, including real output and real factor input.2 We apply the resulting measures of
real product and real factor input to the study of total factor productivity and international
competitiveness.

The starting point for construction of a measure of capital input is the measurement of
capital stock. The estimates of capital input reported in this paper are derived by representing
capital stock at each point in time as a weighted sum of past investments. The weights corre-
spond to the relative efficiencies of capital goods of different ages, so that the weighted 
components of capital stock have the same efficiency.
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The next step in developing measures of capital input is to construct estimates of prices
of capital services. For each asset, the price of investment goods is a weighted sum of future
service or rental prices, discounted by a factor that incorporates future rates of return. The
weights are given by the relative efficiencies of capital goods of different ages. Our estimates
of capital input incorporate the same data on relative efficiencies of capital goods into esti-
mates of both capital stock and capital rental prices.

Finally, a comparison of levels of capital input among countries requires data on the rel-
ative prices of capital input among all the countries included in the comparison. We develop
data on relative prices of capital input for all 17 countries. We obtain relative price levels for
capital input among countries via relative investment goods prices, taking into account the
flow of capital input per unit of capital stock in each country.

The paper is organized as follows. The next section describes the mathematical model
and the underlying assumptions used to estimate capital input. The third section presents esti-
mates of relative levels of capital input for all 17 countries. The final section concludes.

MEASURING CAPITAL INPUT

We require time series measures of capital input and capital service prices for each country
in the comparison. Construction of these series begins with estimating the capital stock and
rental price for each asset type in each country. We employ the perpetual inventory method
to estimate capital stocks from data on investment. Implicit rental prices for each asset are
based on the correspondence between the price of an asset and the discounted value of future
service flows derived from that asset.

The capital stock is disaggregated by asset type: transportation equipment, machinery
and non-residential structures. For the United States, data on investment in current and con-
stant prices for each asset type are obtained from Fixed Reproducible Tangible Wealth in the
United States (U.S. Department of Commerce). For members countries of the European
Union, these data are from Capital Stock Data for the European Union, Vol. 17 (Statistical
Office of the European Communities). Investment data for Canada are obtained from the
Strategic Policy Branch, Agriculture and Agri-Food Canada.

Capital Stock
Under the perpetual inventory method, the capital stock at the end of each period, say, Kt, is
measured as the sum of all past investments, each weighted by its relative efficiency dτ:

We assume that the relative efficiency of capital goods declines with age, giving rise to needs
for replacement of productive capacity. The proportion of investment to be replaced at age τ,
or mτ, is is equal to the decline in efficiency from age τ – 1 to age τ:

These proportions represent mortality rates for capital goods of different ages. Replacement
requirements at each point of time, say Rt, can be expressed as a weighted sum of past investments:

(2)m d d LIτ τ τ τ= − −( ) =− 1, ,K

(1)K d It t= −
=

∞

∑ τ τ
τ 0



where the weights are the mortality rates.
Taking the first difference of Eq. 1 and substituting from Eqs. 2 and 3, we can write:

The change in capital stock in any period is equal to the acquisition of investment goods less
replacement requirements.

To estimate replacement requirements, we must introduce an explicit description of the
decline in efficiency. The relative efficiency of an asset τ years of age is given by the hyper-
bolic function:

where:
L = the service life of the asset
β = a curvature or decay parameter.

The decay function defined by Eq. 5 incorporates many of the commonly used forms of
depreciation as special cases. The upper limit of β is unity. This corresponds to the “one-hoss
shay” form of depreciation. As the value of β approaches zero, decay occurs at an increasing
rate over time. If β is zero, the function corresponds to the formula for straight-line depreci-
ation. Finally, if β is negative, decay occurs more rapidly in the early years of service corre-
sponding to accelerated forms of depreciation such as geometric decay.

Little empirical evidence is available to suggest a precise value for β. However, two
studies provide evidence that efficiency loss occurs more rapidly in the later years of service.
Utilizing data on expenditures for repairs and maintenance of 745 farm tractors covering the
period 1958–74, Penson, Hughes and Nelson (1977) found that the loss of efficiency was very
small in the early years and increased rapidly as the end of the asset’s service life approached.
More recently, Romain, Penson and Lambert (1987) compared the explanatory power of
alternative capacity depreciation patterns for farm tractors in a model of investment behavior
that also includes the price of capital services. They found that the concave depreciation pat-
tern better reflects actual investment decisions.

Taken together, these studies suggest that estimates of β should be restricted to the
zero–one interval. Ultimately, the β values selected for this study are 0.75 for structures and 0.5
for machinery and transportation equipment. It is assumed that the efficiency of a structure
declines slowly over most of its service life until a point is reached where the cost of repairs
exceeds the increased service flows derived from the repairs, at which point the structure is
allowed to depreciate rapidly. The decay parameter for machinery and transportation equipment
assumes that the decline in efficiency is more uniformly distributed over the asset’s service life.3

Asset Service Lives
Investment as used in this study is composed of different types of capital goods. Each type of
capital good is a homogeneous group of assets for which the actual service life L is a random

(5)
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variable. For each asset type, there exists some mean service lifeL around which there exists
some distribution of actual service lives of the assets in the group. In order to determine the
amount of capital available for production the actual service lives and their frequency of
occurrence must be determined. It is assumed that this distribution may be accurately depict-
ed by the standard normal distribution.4

One property of the normal distribution is related to the infinite nature of the distribu-
tion. Without adjustment the distribution would yield cases where assets were discarded prior
to their purchase or assets with unrealistically long service lives. In order to avoid these
extremes, the distribution is truncated at points two standard deviations before and after the
mean. Thus the discard range encompasses approximately 95% of the area under the normal
distribution.5 The area under the truncated normal curve is then adjusted upward within the
allowed range of asset lives. This allows calculation of the probability of service life L occur-
ring, given the average age of the group of similar capital goods, the cut-off points of the dis-
tribution around the average age and the standard deviation of the distribution. In this study,
two standard deviations correspond to 0.98 times the mean service life. This dispersion para-
meter is chosen to conform to the observation that assets are occasionally found that are con-
siderably older than the mean service life and that a few assets are accidentally damaged
when new.

Once the frequency of occurrence of a particular service life L is known, the efficiency
function for that particular service life is calculated using the assumed value of β. This
process is repeated for all other possible values of L. An aggregate efficiency function is then
constructed as a weighted sum of the individual efficiency functions using as weights the fre-
quency of occurrence. This function reflects not only changes in efficiency, but also the dis-
card distribution around the mean service life of the asset.

Capital Service Prices
Firms add to capital stock so long as the present value of the net revenue generated by an
additional unit of capital exceeds the purchase price of the asset. Following Coen (1975), this
can be stated algebraically as:

where:
p = the price of output
w = the price of investment goods
r = the real discount rate.

To maximize net present value, firms add to capital stock until this equation holds as an
equality. This requires that6:

The expression for c is the implicit rental price of capital corresponding to the mortali-
ty distribution m. The rental price consists of two components. The first term, r w, represents
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the opportunity cost of invested funds. The second term, is the present

value of all future replacements required to maintain the productive capacity of the capital stock.
Let F denote the present value of the stream of capacity depreciation on one unit of cap-

ital according to the mortality distribution m:

Since replacement at time t is equal to capacity depreciation at time t:

and

The real rate of return r in Eq. 10 above is calculated as the nominal yield on government
bonds of all maturities less the rate of inflation as measured by the implicit deflator for gross
domestic product. An ex ante rate is obtained by expressing observed real rates as an ARIMA
process.7 We then calculate F holding the required real rate of return constant for that vintage
of capital goods. In this way, implicit rental prices c are calculated for each asset type.

CAPITAL INPUT, 1973–99

The measures of capital stock and capital rental prices presented in Tables 1 and 2 provide the
basis for our estimates of capital input for each country.8 Translog price indexes of capital are
formed by aggregating over the various assets using cost-share weights based on asset-specif-
ic rental prices. These price indexes are reported in Table 3. The quantity indexes of capital
input reported in Table 4 are formed implicitly as the ratio of the total value of capital service
flows in each country to the corresponding translog price index. Although these quantity
indexes do not have the form of translog index numbers, they are nonetheless well defined.

To compare levels of capital input among countries, we require data on the relative prices
of capital input. A price index that converts the ratio of the nominal value of capital service flows
between two countries into an index of relative real capital input is referred to as a purchasing
power parity in the international comparisons literature. The dimensions of the purchasing power
parities are the same as exchange rates, e.g., francs per dollar. However, the purchasing power
parities reflect the relative prices of the components of aggregate capital input in each country.

Although we estimate the decline in efficiency of capital goods separately for all 17
countries, we assume that the relative efficiency of new capital goods is the same in each
country. Accordingly, the appropriate purchasing power parity for new capital goods is the
purchasing power parity for the corresponding component of investment goods output.9 To
obtain the purchasing power parities for capital input, we must take into account the flow of
capital services per unit of capital stock in each country. This is accomplished by multiply-
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ing the purchasing power parity for investment goods by the ratio of the price of capital input
for the comparison and numeraire countries.

Table 5 presents purchasing power parities for capital input for all countries relative to
the U.S. These results are based on translog multilateral indexes of relative prices in the base
year.10 The base-year purchasing power parities are then extrapolated to earlier and later
years in the sample via translog time series indexes of capital service prices for the individ-
ual countries. This approach serves to adjust the levels of the price and quantity series in rela-
tion to the numeraire country while preserving their original time paths.

In Table 6, we report the value of capital services for all countries expressed in the cur-
rency of the numeraire country, the U.S. All countries in the comparison had substantially
higher levels of capital input relative to the U.S. in 1999 than they had at the beginning of the
sample period in 1973. The most dramatic gain in capital input was for Portugal, with the level
of capital input relative to the U.S. increasing more than 600%. The Netherlands increased its
relative level of capital input by a factor of three. Five countries, including Denmark, France,
Ireland, Italy and Austria, more than doubled their levels of capital input relative to the U.S.

All our time series comparisons of relative capital input presented in Table 6 are in cur-
rent prices. This facilitates comparison for any single year, but it makes it impossible to com-
pare relative levels in different years. Such comparisons are of obvious interest, and they can
be constructed by making use of time series indexes for the U.S. We provide these compar-
isons in Table 7. The values reported in Table 7 are obtained by dividing the entries in Table
6 by the U.S. price index of capital input. All the entries in this table are directly comparable.
For example, in Table 7 Belgium’s level of capital input in 1973 of $581 million can be
directly compared with Denmark’s level in 1999 of $1845 million to infer that Denmark’s
1999 level of capital input was 3.17 times Belgium’s 1973 level.

From Table 6, we observed that all the countries in the comparison increased their level
of capital input relative to the U.S. over the sample period. Table 7 points to both relative and
absolute increases in capital input for 14 of the 16 countries in the comparison. Only
Luxembourg and the United Kingdom had lower levels of capital input in 1999 than at the
beginning of the period in 1973. However, over this same period, the level of capital input in
U.S. agriculture was reduced by nearly one-third.

During the 1970s, U.S. agriculture experienced rapid growth, fueled by growth in
exports that resulted from increased global liquidity,11 rising incomes and production short-
falls in other parts of the world.12 In addition, domestic forces, including a drop in interest
rates and rising inflation, contributed to an increase in borrowing for the purchase of land and
equipment. For a significant part of the 1970s, real interest rates were close to zero and at
times negative. During this period of expansion, roughly 1973–81, capital input in U.S. agri-
culture increased an average 2.5 percentage points per year.13

However, the environment changed in the early 1980s. By then, the OECD countries
were vigorously pursuing anti-inflationary polices. The change to restrictive monetary policy
initiated by the Federal Reserve pushed up interest rates sharply. The dollar appreciated on
foreign exchange markets, and world export prices fell. The average real interest cost on vari-
able-rate debt rose to nearly 16% in 1981–83. Real interest rates remained high thereafter, as
the stringency of the Federal Reserve policy was enhanced because of the large fiscal deficits.
This macroeconomic policy mix of fiscal stimulus combined with monetary restraint proved
disastrous to export-dependent sectors of the U.S. economy, including agriculture.14
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Over the 1981–89 period, economic growth in the U.S. farm sector slowed to less than
1% per year.15 This compares with a robust 2.4% average annual rate of growth over the
1973–81 subperiod. Output growth results from input growth (capital, labor and materials
inputs) and/or growth in productivity. The contribution of each input equals the product of
the input’s growth rate and its respective share in total cost (see Gollop and Jorgenson 1980).
When weighted by its share in production costs, the growth of capital input over the 1973–81
period added 0.35 percentage points per year to output growth. Capital input’s contribution
to output growth was negative during the 1981–89 period averaging –0.7 percentage points
per year. Over the full 1973–99 period, capital input in U.S. agriculture declined at an aver-
age 1.34% annual rate. The contraction in capital input contributed an average –0.15 per-
centage points per year to output growth.

CONCLUDING REMARKS

We have compared 17 OECD countries on the basis of levels of capital input in agriculture.
Internal consistency of a measure of capital input requires that the same pattern of relative
efficiency is employed in measuring both the level of capital stock and the rental price of cap-
ital services. Our time series of capital stocks and capital rental prices assume a hyperbolic
efficiency function concave to the origin. The concave decay pattern is based on the obser-
vation that efficiency of an asset is relatively high during the early years of service and only
after some time does the asset begin to deteriorate. The same patterns of decline in efficien-
cy are used for both capital stock and the rental price of each asset, so that the requirement
for internal consistency of measures of capital input is met.

In order to compare levels of capital input in different countries, we require conversion
factors that reflect the comparative value of their currencies. The OECD regularly constructs
estimates of the purchasing power of OECD currencies. Here we make use of purchasing
power parities for investment goods output, taking into account the flow of capital input per
unit of capital stock in each country. These conversion factors are used to express the value
of capital input in each country in dollars.

In a subsequent paper, we integrate these estimates of capital input into production
accounts for agriculture, including real output and real capital input. We use the measures of
real output and real factor input to compare levels of productivity or technology among coun-
tries. Differences in levels of technology are associated with competitiveness. Future research
will focus on the role of capital deepening in productivity convergence among countries.

NOTES
1The countries are Belgium, Denmark, Germany, Greece, Spain, France, Ireland, Italy, Luxembourg,
the Netherlands, Austria, Portugal, Finland, Sweden, the United Kingdom, Canada and the U.S.
2Ball et al (2004).
3To determine the effects of a change in the value of β on estimates of capital stock, various values of
β were used to construct a series of capital stocks. Changes in the value of β produce significant changes
in the magnitude of the estimates of capital stocks. However, there is much similarity in the rates of
growth in the series over the time interval. Thus, the choice of β, while having a pronounced effect on
the level of capital stocks, has little impact on the long-term trend.
4Very little data exist on the form of the distribution around the mean service life. The only study avail-
able was conducted by Winfrey (1935) detailing the actual service lives of a group of assets. Winfrey’s
S-3 distribution had a bell-shaped appearance somewhat akin to the normal distribution. No rigorous
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tests were performed to determine if this distribution was, in fact, a normal distribution but, based on
this admittedly sparse evidence, it is assumed that there exists a normal distribution about the mean life
of a particular type of asset. This assumption is used mostly for convenience since tables of values for
the normal distribution are readily available.
5As derived from a table of normal values.

6If Substituting this result in Eq. 6 and rearranging terms

yields Eq. 7. 
7Observed real rates are expressed as an AR(1) process. We use this specification after examining the
correlation coefficients for autocorrelation, partial and inverse autocorrelation, and performing the unit
root and while noise tests. We centered each time series by subtracting its sample mean. The analysis
was performed on the centered data.
8The estimates of capital input are available from the authors as an electronic data product.
9Purchasing power parities for investment goods are from OECD (1999, 162).
10For a discussion of translog multilateral price indexes, see Caves, Christensen and Diewert (1982).
11Until 1981, a greatly increased flow of private funds was funneled at negative real rates to develop-
ing country borrowers. This “recycling” of OPEC surpluses added to the export boom.
12U.S. farm exports surged from an average $4.8 billion in 1950–70 to $9.4 billion in 1972 and $17.7
billion in 1973. Exports continued to increase through 1981, when they peaked at $43.3 billion.
13Ball et al (1997) report that nearly half of the growth of output over this period was accounted for by
growth in inputs. In contrast, productivity growth was the principal factor responsible for economic
growth in the farm sector over the entire postwar period.
14The value of U.S. farm exports fell from $43.3 billion in 1981 to $26.2 billion in 1986, as declining
volume combined with declining export prices.
15The production accounts are available at the USDA/ERS website http://www.ers.usda.gov/data/
agproductivity.
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